Interest in superconducting layered iron based compounds as a new class of high temperature super conductors was manifested in reviews [1] [2] [3] [4] , where they are compared to cuprate superconductors [2, 3] . As well as cuprates, superconducting pnictides are lay ered compounds where the Fe-As layer is condition ally considered as "superconducting," while the remaining components in the separating layers supply the carriers to the Fe-As layer. However, anisotropy in these compounds is insufficiently large [5] to classify them as two dimensional compounds, as the BSCCO family, and they are closer to the YBCO family in this parameter. Moreover, the anisotropy degree of the superconducting iron pnictides decreases as the oxy gen containing R(O 1 -x F x ) separating layers (R = La, Sm, Nd, …) are replaced by the monoatomic (A 1 ⎯ x B x ) layers (A = Ba, Sr, Ca, B = K, Cs, Na). In this case, the crystal structure of the 1111-RFeAs(O 1 ⎯ x F x ) family corresponds to the tetragonal symmetry and the space group P4/nmm (ZrCuSiAs type) and the 122-A 1 ⎯ x B x Fe 2 As 2 family has the space group I4/mmm (a ThCr 2 Si 2 type lattice). The initial "parent" compounds of the 122 and 1111 type are antiferromagnetic metals, unlike cuprates [2] . The substitution in the separating layers results in the elec tron and hole doping of the Fe-As layers in the 1111 and 122 compounds, respectively, thus suppressing antiferromagnetism and enhancing superconductivity [1] [2] [3] [4] . Superconductivity also arises in both structures under electron doping via the direct substitution of Co or Ni for Fe positions in the Fe-As layers. The distinc tive features mentioned in [2] can be supplemented by unusually high critical currents J c , i.e., strong pinning in the single crystals [6] . For example, J c = 10 6 A/cm 2 in the SmFeAsO 1 -x F x single crystals in a magnetic field of 60 kG [7] . Communications [6, 7] on high crit ical currents in single crystals based on iron com pounds and the observation of the disordered vortex structure in Ba(Fe 0.93 Co 0.07 ) 2 As 2 single crystals over a wide range of magnetic fields from units of millitesla to 9 T performed by the three known independent meth ods (decoration, neutron diffraction [8] , and scanning tunneling microscopy [9] ) suggest the possibility of an unusual mechanism of vortex pinning in pnictides. It is known that the strong pinning is attributed to crystal irregularities of the order of the superconductor coherence length ξ [10, 11] . The question arises as to whether this irregularity is properly associated with the complicated electron structure of pnictides, which are multiband and affected by the Fe 3d magnetic moment, or it is improper and depends on the crystal growth conditions and the quality of the crystals. In particular, one of the probable causes of the strong pinning observed in Ba(Fe 0.93 Co 0.07 ) 2 As 2 [8, 9] could be the crystal structure faults caused by the Co substi tution directly in the Fe-As superconducting planes. In this respect, it is interesting to study the vortex structure in the RFeAs(O 1 -x F x ) and A 1 -x B x Fe 2 As 2 crystals where the doping of the Fe-As planes does not disturb their structure. Moreover, the anomalous vor tex pinning could be caused by the phase separation with the inclusion of the second phase of size ξ.
Vortex Structure in Superconducting Iron Pnictide Single Crystals
Indeed, the phase separation in the undoped Ba 1 ⎯ x K x Fe 2 As 2 crystals has been indicated in recent studies by the muon spin relaxation (μSR) [12] and angular resolution photoelectron spectroscopy (ARPES) [13] . However, this phase separation could be expected to strongly depend on the doping degree.
In this work, the vortex structure of the single crys tals of the electron doped SmFeAsO 1 -x F x (Sm 1111) and hole doped Ba(Sr) 1 -x K x Fe 2 As 2 (Ba(Sr) 122) superconductors with different doping degrees is investigated by the decoration method [14] . The Ba(Sr) 1 -x K x Fe 2 As 2 single crystals were grown at the Max Planck Institute of Solid State Research (Stut tgart, Germany) in a nitrogen filled sealed quartz ampoule with or without the tin flux. The excessive K content of 30 wt % was added to the burden to com pensate losses at a high melting temperature. The cooling was performed at a rate of 3°C per hour down to 550°C. The grown crystals were removed from the flux. The single crystal growth method, compositions, and crystal structures were earlier described in [15] . The chemical composition of the single crystals under study was controlled by local X ray spectral analysis, and the superconducting transition temperature T c , by the resistivity measurements or the magnetic suscepti bility measurements. We note that the Ba122 no. 1 and no. 3 and Sr122 single crystals (see table) were grown in the tin flux, while the optimally doped Ba122 no. 2 single crystals with the maximum transition tempera ture T c = 38.5 K were self flux grown. The single crys tals of the 1111 SmFeAsO 1 -x F x family were grown at Eidgenössische Technische Hochschule (Zürich, Switzerland). The details of the single crystal synthesis were presented in [7] . It is rather difficult to synthesize the 1111 type single crystals, and their samples obtained presently by high pressure synthesis are of a very small size no greater than 250 μm [7, 16] .
The vortex structure was investigated on the single crystals with an optically smooth (lustrous) surface on the basis plane both as grown and finished by peeling the surface layer with an adhesive tape. The decoration was performed in the field cooling mode in a magnetic field normal to the basis plane (parallel to the c axis) in the range of 10-200 Oe at ~5 K. In every experiment, the BSCCO single crystals were used as reference sam ples, which were placed in the decoration chamber near the pnictide single crystals under study. In the investigation of the vortex structure in the same sam ple in different magnetic fields, the magnetic particles of the previous decoration process were removed by rinsing with isopropyl alcohol or by removing the sur face layer with adhesive tape.
Figures 1a, 1c, and 1d illustrate the absence of any order in the vortex arrangement in the same optimally doped Ba122 no. 2 single crystal (see table) through out the magnetic field range under investigation, while a regular triangular vortex lattice was observed in the reference BSCCO single crystal even at the lowest magnetic fields (see Fig. 1b ). This pattern for the B122 no. 2 single crystal was conserved up to a magnetic field of 200 Oe; at higher magnetic fields, isolated vor tices are poorly resolved, although the vortex lattice was clearly observed for BSCCO. A similar structure was also observed for the Ba122 no. 1 and no. 3 single crystals, but it was observed for the Ba122 no. 1 single crystal only up to a magnetic field of ~80 Oe. Figure 2a presents the vortex structure on the Sm1111 single crystal where no regular arrangement of the vortices is observed. Owing to the small size of the samples and the difficulties in their attachment to the substrate, we could not investigate their vortex structure in various magnetic fields. The vortex structure in the Sr122 sin gle crystals was only observed in separate surface regions (see Fig. 2b ).
In all of the samples investigated where the vortex structure was well resolved, the estimate of a magnetic flux quantum coincided with the theoretical one, 2 × 10 -7 G/cm 2 . In low magnetic fields when separate vor tices are well resolved, the visible "diameter" of the vortex image can serve as the upper estimate of the London magnetic field penetration depth λ* [17] . This estimate obtained from the measurements in the fields lower than 30 Oe is λ* = 0.21 ± 0.03 μm for all of the samples under study, except for Ba122 no. 1 for which λ* = 0.28 ± 0.03 μm. A considerable increase in the penetration depth for the Ba122 no. 1 single crys tals explains the impossibility of resolving the vortex structure in magnetic fields above 80 Oe. The same data, at the known Ginzburg-Landau parameter value, can provide a lower estimate for the first critical field. Although the accuracy of these measurements is low, these estimates are quite reasonable in view of the difficulty of the experimental determination of the absolute values of λ and H c1 .
The main result of the observation of the vortex structure in all of the Fe containing pnictide single crystals studied in this work is the absence of the vortex lattice. We note that the regular vortex lattice was always observed in all of the BSCCO reference sam ples in every experiment. In combination with the data on high critical currents in the Ba(Fe 0.93 Co 0.07 ) 2 As 2 (J c = 10 5 A/cm 2 [6] ) and Sm1111 (J c = 10 6 A/cm 2 at 5 K [7] ) single crystals studied, our results point to strong pinning [8] .
The cause of the strong pinning in the iron pnictide single crystals has not yet been revealed. The effective pinning centers could be the Co nanoparticles that were observed in the Ba(Fe x Co 1 -x ) 2 As 2 single crystals using a scanning tunneling microscope, but no corre lation in the distributions of vortices and these parti cles was observed [9] . The probable cause of the disor dering of the vortex structure in the pnictide single crystals could be the electron phase separation. Indeed, we investigated the underdoped single crystals Ba122 no. 1 of the series of samples where the coexist ence of the superconducting and magnetic phases has been experimentally confirmed [12, 13] . However, no qualitative difference between the vortex structures of samples Ba122 no. 1, Ba122 no. 2, and Ba122 no. 3 with different doping levels was observed. Moreover, according to the estimate from the low temperature measurements of the specific heat, the volume of the superconducting phase in Ba122 no. 2 is no less than 98.5%, and this points to the absence of phase separa tion in these samples. Nonetheless, the vortex lattice is absent (see Figs. 1a, 1c, 1d) .
These peculiarities were not observed in the other multicomponent systems, for example, in the twin free YBCO (124) [18] or BSCCO (2212) [19] , where the vortex lattices were clearly seen in the single crys tals, and the critical currents were several orders of magnitude lower. Meanwhile, a regular vortex lattice [17] was observed in the MgB 2 single crystals, which have synthesis conditions close to those of the Sm1111 compound [7] . The common structural component of all of the single crystals studied is the "superconduct ing" Fe-As layer. For the 122 type crystals in the Ba(Fe 0.93 Co 0.07 ) 2 As 2 compounds, the substitution of Co for Fe can distort the structure of the supercon ducting Fe-As layer itself, while the doping of the 122 family with potassium is accompanied by the intro duction of distortions into the nonsuperconducting layer. Since the doping leads to nonstoichiometry and possible spatial distortions on the atomic scale shorter than the coherence length, it cannot lead to the strong pinning of the vortices, as observed in the case of the HTSC cuprates. Namely, a regular vortex lattice is observed in the YBCO and BSCCO single crystals along with the domain structure caused by weak col lective pinning, including that on the oxygen vacan cies. The interaction of the magnetic flux irregularity produced by the vortices with the magnetic structure of the Fe-As layer [20] could assumingly be responsi ble for the magnetic structure unusual for the single crystals. However, this assumption contradicts the observations in low magnetic fields where the field in the vortex core is too low to affect the magnetic struc ture. We can also assume that strong pinning is due to the unusual π-π electron ordering revealed in [21] . To explain the strong pinning in the superconducting pnictide single crystals, one should perform detailed structural (X ray and electron microscopy) studies, including low temperature studies in order to reveal the irregularities with sizes of the order of ξ that could be effective pinning centers.
In summary, we have revealed the disordered vortex structure in the single crystals of a new family of high temperature superconductors based on layered com pounds, iron pnictides, which is independent of the crystal structure type, doping, and synthesis methods. This allows us to conclude that the intrinsic mecha nism of the vortex pinning of unclear nature exists in the iron pnictide single crystals. Taking into account that the anisotropy in iron pnictides is weaker than that in cuprates, strong pinning should also be expected in polycrystalline samples, and this can be promising for their application.
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